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Thlo  raport  conUtni  tha  data  baaa  for  validation  of  tha  Xonfltudinal  a»r^h  and  landl^  aodala  "®‘ 

wr.^'iWA-}''-0.  Tha  (tflulatlon  modali  InaXudai  Convalr  flflO  In  ennblnaHon  allb  tha  Uar  DlegXar,  Xn«^  (Ul) 

in  In.'r^'nUy  vorclon  of  tUa  WT  :yat«,  or  a lannuaX  fll«h'.  dlraetor  varalon  of  tlv.  L3T  fjyntoai  and  Mpar  PA-JO 

wl'.hT-'  liivar..'d  oo\i?lar  ami  nnlothrof.le  ayatva,  ainpUfUd  atouXatlon  nodaXa  Inelu^  an  aircraft  with 
r.ii  .tvy.l  eonlrjl  mul  u prov»r(.l<.mU  coiipl-.-r  iwh1..1  (UUor  Oyotwi  lio.  D a..U  an  aircraft  with  r-  rlcc'-  rata-of-cllal. 
trol  a-.d  a prcportlor.al-pl^.lntoiml  coupler  »>daX  (71Xtar  Cyatca  Ho,  i).  fim  fwr  nodala  eoyar 
U.'IV  c.MKlltr^'-cI'c.l.im'a.  The  latter  two  nodala  ropraaant  the  dvranlca  of  the  alreraft.coiiplar  lyc.am  In  a 
w!ili,m  la  niil'il  i'er  oatlcatli^  Irdlcatul  nn4  actual  fllOo  pnth  do/lntlon  and  actual  (llda  path  deviation  rale  r*)Bj»naBi  to  gllda 
dope  '".am'a"  or  ctricturo. 

'■re  ilrriln'lo"  rod-ila'  rrnpo-jaa  to  <J  prototype  Ollda  Slope  fauXta  (aUpc,  alniiaolda,  and  tpacloXly  ernl'lifjrad  wavafowa)  am*  to 
a tu;fl'?l7:!t  in  p.  vUcr.  ai^rXe^  fM  for  K'  lU  Ollde  flopo  facllltloo  arc  .lonUBcntcd,  A total 

i-.)r  a„'loc:!!l  ntenlntlcm  nodela  In  roiponaa  to  aU  OXlda  Slope  Inputa,  and  all  alawUtlon  ■oJelc  In  raeponaa 

Irr'itA  arc  gV/ei',,  In  addition,  8 raapunoa  rcoorOa  doeunant  rcaponaa  ataniUrd  davlatlona  which  arlaa  beeauaa  of  randoa  wind  aral  wind 
il'.L'Rr  v.’.rilblllty  fron  op.<i  •wth«p  *nd  from  twpt»ul*nc0a  Rovultf  thow: 

0 "nr-  accurate  ectlrotec  of  Indicated  and  actual  tlXlda  path  davUtlon  and  eUda  path  deviation  rata  are  provided  by  mter  Syata. 
li.>,  ;■  '.aircraft  wU!t  pTf  ict  rntcof-cllnb  and  alrcpccd  ronlroX  and  proportlonal-plua-lntoeral  eonplar  wod.ill  than  by  mtar 
‘Jyv.er,  He,  1, 

0 Thera  li  rubalantlnl  almtlarlty  In  tf.a  groei  nature  of  tha  raaponiaa  for  all  aircraft  and  Ollda  Slope  coupling  tachiilqueJ  awng 
tlici'.'ulvuJ  ujil  with  rccp’ct  to  the  rcoponove  cctlevitcU  u;iing  Kilter  ryetona  Ho,  I end  K, 

• Tim  1 .rtlnXly  L'niront"  1 coitpler  hn«  m.bnlnntlnjly  attenuatod  rerponcoe  to  "hlfh"  froiucnoy  JW  Olldo  •t^cluw  for  all 

v' r.'ahlci  ;xc^  Im'.lcalel  fUde  path  deviation  (aa  on.  would  axpactl,  Thla  la 

alr.'raft/eotiLVoI  nyntcia  comblnatloni  ilnulnt.d,  fha  IriartUlly  aupaanlad  coupler  alao  reaulti  In  a nodatt  reduction  In  longl 
tultnal  touchdown  dlaparalon. 

o The  ibrulatlon  Uchnliuva  reported  In  ^ca  I of  ConU-aet  Ho,  BOT-KA7l.WA.5JtO  ran  be  uaad  to  pmdlat  » 

twchlSoTpolnl  ualng  flight  Ir.apaotlon  data  for  a apaclflc  lU  Ollda  Elope  facility  and  can  predict  the  typloal  longitudinal 
dlnenaloii  of  tlm  r.u' toticlld^ni  dlnp<jraloii  footprint  arlalng  fro*  wlnda,  wind  ahoar  and  turbulcnoa, 

•-"Dltlurbancae  arlalng  fro  ftollUy-to-facUity  variability  In  XU  Ollda  Slope  atruotura  and  wlnda,  wlrf  ihaar  and  turbulanw 
ecBblna  In  a ayrarglitle  way  whloh  eauaaa  longitudinal  touohdrvn  dlaporalon  for  the  e«»blnatlon  of  all  dlaturbaoeai  to  grvatly 
cKcoad  tha  root-iu«-aguara  dlaparalooi  for  each  dlaturtonaa  acting  aaparmtaly, 

• Tha  » telaranoai  (divalopad  in  Phaao  I of  Contract  Ho.  DOI-W'-WA-JJliO)  applied  to  tho  eorraipondlng  raa^iaa  ^ 

No,  f are  auacaaaful  In  dlacrlialnatlng  agalnat  tlioa#  tU  fllldo  Blopa  failUtloa  which  produce  out-of.apaelfleatlon  agproachaa 
and  landlngi. 
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SESCIAL  Kliffiai 


AbteevlatioiMi 


DOM  Difference  In  depth  of  modulation 

FAA  Federal  Aviation  Administration 


ICAO  International  Civil  Aviation  Organization 

ILS  Instrument  Landing  Syst^ 

ILS  Hn  imaginary  point  on  the  glide  path  ^localizer  course  measured 

Point  "B’’  along  the  runway  centerline  extended,  in  the  approach  direction, 
3^00  feet  from  the  runway  tnreshold 


ILS  A point  through  vrhich  the  downvmird  extended  straight  portion 

Point  ”C"  of  the  glide  path  (at  the  commissioned  angle)  passes  at  a height 

of  100  feet  above  the  horizontal  plane  containing  the  runway 
threshold 


ILS  The  distance  from  Point  "B”  to  Point  ”C”  for  evaluations  of 

Approach  Category  I and  Category  II  training  systems.  The  distance  from 

Zone  3 Point  "3"  to  the  runway  threshold  for  evaluations  of  Category  II 

operational  systems 

RTT  Radio  telemetering  theodolite 


Symbols 

c 

d or  D 
dc  or  DCB 


de  or  DE 
H 

H or  HD 
Klu 


Covariance  for  variables  indicated  by  subscripts 

Actual  glide  path  deviation  in  linear  units  (ft) 

Distance  between  the  0 DM4  locus  and  the  straight-line  asymp- 
tote at  the  commissioned  angle  as  measured  in  the  vertical  plane 
containing  the  ninway  centerline,  measured  nomal  to  the 
straight-line  asymptote  (ft) 

Indicated  glide  i»th  deviation  in  linear  units  (ft) 

Total  altitude  of  aircraft  wheels  above  GPIP  on  runway  (ft) 
Actual  rate  of  climb  (ft /sec) 

Integral  of  airspeed  error  feedback  gain  in  autothrottle  (ib/ft) 
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Ke* 

t or  T 
X 

5e  or  DEL  E 
5^  or  DEL  T 
or  BTAC® 

r,g  or  EIAE 
or  BTAP 

Tjp  or  ETAPD 

9 or  THETA 

D 

a 

"0 


Pitch  attitude  gain  In  autothrottle  (ib- thrust/rad) 

Tine  (sec) 

Total  horizontal  displacement  of  aircraft  center  of  gravity 
frcu.  GPIB  on  the  runway  in  the  direction  of  the  centerline, 
or  longitudinal  force  applied  to  aircraft  (ft  or  lb) 

Elevator  deflection  angle  (rad) 

Engine  thrust  perturbation  (lb) 

Differential  trace  referenced  to  the  Ideal  0 DDM  locus  for 
the  comissioned  angle,  in  angular  units  (^A) 

Indicated  glide  path  deviation  In  angular  u.ixts  (;jA) 

Actual  glj.de  path  deviation  from  the  ideal  0 DM  locus  for  the 
ccxnmlssioned  angle  in  angular  units  (uA) 

Actual  glide  path  deviation  rate  in  angular  units  at  fixed 
range  (uA/sec) 

Pitch  attitude  perturbation  (rad) 

Correlation  coefficient  for  variables  indicated  by  subscripts 

Denotes  one  standard  devlatioit  in  general;  may  be  partlculariz 
by  subscript 

Airspeed  low-pass  filter  time  constant  (sec) 

Pitch  attitude  low-pass  filter  time  constant  (sec) 


Special  notation 

E[*]  Expected  value  of  [•] 

( • )<pj)  Touchdown-related  value  of  ( • ) 

(T)  Denotes  mean  or  expected  value  of  ( • ) 

( * ) Derivative  with  respect  to  time  of  ( • ) 


DBaDPoeiiai 


p**craric  FUSE  Bumuim  numo 

T«iiWji;"ilkiii.i  •—  


The  staxidaird  aid  to  low  visibility  approeu:h  and  landing  in  coNsereial 
aviation  is  the  Instrument  Landing  Astern  (US).  Two  radio  beams  (the 
%lide  Slope"  and  the  "Localizer")  are  formed  to  guide  an  aircraft  on  the 
proper  approach  glide  path  and  along  the  extended  runway  centerline  in  the 
landing  direction.  Bart  I of  this  report  documents  the  results  of  using 
system  simulation  and  analysis  techniques  to  detezmine  maximum  levels  for 
ILS  Glide  Slope  beam  structure  characteristics  %diich  still  result  in 
acceptable  approach  and  landing  outcomes.  These  results,  in  turn,  led 
to  recommendations  for  revision  of  the  flight  inspection  procedure  idilch 
is  used  to  assxure  the  accuracy  of  ILS  Glide  Slope  facility  guidance. w The 
recommended  procedure  proposes  that  limits  be  applied  to  indicated  gvW 
path  deviation,  actxial  glide  path  deviation,  and  actual  glide  path  devla»X 
tlon  rate  responses  for  typical  aircraft/control  system  combinations.  This 
is  in  addition  to  the  oirrent  practice  of  applying  limits  to  the  "differen* 
tial  trace"  generated  in  the  course  of  flight  inspection.  These  additional 
limits  would  be  vqpon  variables  which  are  directly  relevant  tc  the  approach 
and  landing  outcome,  llils  is  in  distinction  to  limits  placed  upon  the 
"differential  trace"  variable  alone  since  the  differential  trace  relates 
only  indirectly  to  approach  and  landing  performance.  It  is  proposed  that 
the  required  responses  for  "typical  airoraft/control  system  coad>inatlcns" 
be  generated  by  a filter  system  having  as  its  input  the  "differential  trace" 
signal  in  the  revised  flight  inspection  procedure.  The  filter  system  would 
be  part  of  the  airborne  flight  Inspection  equipment.  The  filter  system,  in 
effect,  is  a highly  simplified,  but  representative,  simulation  of  any  air« 
craft  executing  automatically  or  manually  coupled  approaches. 


Here  in  Fart  II  of  the  report,  validation  of  assimptions  and  in-depth 
exercise  of  the  aircraft /control  system  simulations  aikl  filter  systems  is 
the  central  purpose.  The  objective  is  to  identify  the  filter  system  which 
generates  responses  most  representative  of  typical  aircraft/ control  system 
responses,  and  to  provide  deterministic  response  data  for  the  adrcraft/contro] 
system  combinations  simulated. 
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The  natiire  cf  this  validatiob  ta^  requires  a sabstantial  data  base. 

The  required  data  base  is  included  in  this  report  in  the  fbm  of  tnawrous 
conputer*dxa«n  plots.  The  fisct  that  several  different  types  of  ecaqparisons 
must  he  made  precludes  organising  the  data  in  a universally  suitable  way. 
Therefore  an  organization  iddch  facilitates  xefer^ce  has  been  (diosen. 

The  data  base  is  ori^mized  primarily  by  type  of  input  (prototype  Glide 
Slope  fault  or  Glide  Slope  fli^tt  inspection  record  with  or  without  stcchas- 
tic  atmospheric  disturbances^.  The  secondary  level  of  organizati(m  is  by 
the  particular  dynamic  systos  generating  the  respoases  (the  particular  pro- 
posed flight  inspection  filter  system  or  aircraft /control  system  ombinatlcm 
simulated). 

ORMnZASXQi  or  TBX  8D0RE 

Section  II  is  concerned  with  selection  and  validation  of  a filter  system 
representation  of  t^^tical  aircraft  'control  system  dynamics  during  coiQtled 
approaches. 

In  Section  III,  simulated  aircraft 'control  system  responses  to  actual 
ILS  Glide  Slope  facility  fli^t  Inspection  data  are  evaluated  for  accepta- 
bility of  approach  and  landing  performance,  'nils  evaluation  is  made  by 
examining  touchdown  sink  rate  amd  location,  and  by  examining  tho  responses 
for  exceedances  of  their  critical  2a  levels  (developed  in  Ref.  i)  for  accept- 
able approach  and  landing  ou>,-omes.  Simulated  fli^t  inspections  using  the 
filter  systmn  concept  are  used  to  evaluate  the  same  ILS  Glide  Slope  fll{^t 
inspection  data  using  the  2o  tolerance  levels  developed  for  the  recosmiended 
revised  flight  inspection  procedure  in  Ref.  1 . Section  III  also  presents  a 
comparison  of  IL3  Glide  Slope  facility  acceptability  results  as  deterained 
by  simulated  approach  and  landing  and  as  determined  by  simulated  flight 
inspection.  In  addition,  touchdown  dispersion  arising  from  wind,  wind  shear 
and  turbulence  effects  is  presented  for  approaches  and  landings  simulated 
for  several  different  ILS  Glide  Slope  facilities. 
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A final  section.  Section  IV,  suDoarizes  the  principal  conclusions 
derived  from  this  simulation  effort. 

The  filter  system  and  aircraft /control  system  response  plots  for  the 
prototype  Glide  Slope  fault  inputs  are  contained  in  Appendix  A,  auid  the 
response  plots  for  actual  ILS  Glide  Slope  fli^t  inspection  data  inputs 
are  contained  in  Appendix  B. 


T«io  filter  cysteM  bare  been  propoaed  in  Bef . 1 fbr  tbe  prooeaaing  of 
US  Glide  Slope  flight  Inspection  data.  Filter  Systaa  lo.  1 ie  a highly 
siaplified  siaulation  of  typical  aircraft /control  nysten  coaMnations.  It 
assuwes  perfect  pitch  attitude  and  airspeed  control,  and  a prqportional 
control  representation  of  the  approach  coupler.  Figure  1 is  a block  dia- 

I 

gran  for  Filter  System  No.  1 . The  essential  dynamic  behavior  of  the  air* 
craft  in  this  elaqplification  is  the  first-order  lag  in  rate-of-cUab 
response  to  pitch  attitude  changes. 

Filter  System  No.  2 is  an  alternative  highly  sii^lifled  simulation  of 
typical  al'csaft /control  system  coetbinations.  It  assumes  perfect  rate-of- 
climb  and  airspeed  control,  and  a proportional -plus-integral  representation 
of  the  approach  coupler.  Figure  2 is  a block  diagram  for  Filter  Sjratem 
No.  2.  The  dynamic  behavior  of  this  siaplified  simulation  is  independent 

I 

of  all  aircraft  dynamic  characteristics.  It  depends  only  upon  the  coupler 
dynamic  characteristics  and  kinematic  relationships. 

The  responses  of  these  two  filter  systems  will  be  compared  with  the 
responses  of  the  four  simulated  aircraft /control  ^rstem  combinations  in 
order  to  select  the  one  filter  system  whidi  provides  the  best  general 
representation  of  all  simulated  aircraft /control  system  coaibinations.  The 
{ nature  of  the  response  comparison  is  qualitative.  Reproduction  of  response 

I features  without  particular  regard  for  msgnitude  is  tbe  main  criterion. 

Differences  in  response  magnitude  are  calibrated  out  by  the  procedure  used 
to  evolve  the  pemisslble  tolerance  levels  for  flight  inspection  in  Ref.  1 . 

fiWL  Bucnoi  AID  uumenm 
Of  A TXim  nmi 

i 

! Table  1 lists  figure  numbers  for  coaparable  responses  of  the  filter 

I systjms  and  aircraft /control  system  combinations  on  each  line.  Actual 

coaparison  shows  that: 

I 

! 
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Figure  1.  Block  Diagram  for  Filter  System  Which  Generates  Typical  Aircraft  Indicated  Deviation  and  Actual 

Path  Deviation  and  Actual  Path  Deviation  Rate  Responses  (Filter  System  No.  l) 


H,® 


I 

cjj  Typical  Glide  Slope  coupler  integral  path 

gam,  0.20  rod /sec 

Kq  Conversion  constont  12,278..  (/xA/rad) 

K,  Course  softening  goin  function;  K,  = 1.0  , 

H - 600  ft  •;  decreasing  lineorly  to  zero 
ot  H = 0 ; K,  = 0 , H - Oft 

Kj  Typicol  Glide  Slope  coupler  gam,  0.2918 

j (ft/cec)//xA 


Figure  f'.  Block  Diagram  for  Alternative  Filter  System  Generates 

Typical  Aircraft  Indicated  Deviation,  Actual  Path  Deviation,  «nd 
Actual  Path  Deviation  Rate  Responses  (Filter  System  No.  2) 
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• Filter  Ssrste*  Ho.  2 Is  sll^^htly  superior  to  filter 
System  Ho.  1 in  its  ability  to  reproduce  qualitatively 
the  response  characteristics  of  the  aireiaft/control 
systen  cosibinatlons. 

• The  response  characteristics  of  all  aircraft /control 
system  ccmbinations  stsolated  with  the  exception  of 
the  inert ially  au^&ented  system  are  similar. 

• Responses  of  the  inertially  au0Mnted  system  in  actual 
path  deviation,  D,  and  actual  path  deviation  rate,  W, 
are  considerably  smoothed  and  attenuated,  respectively. 

The  indicated  path  deviation  response,  DE,  for  the 
inertially  augnented  system  approodmates  the  Glide 
Slope  forcing  function,  DCB. 

The  first  point  above  is  the  basis  for  selection  of  Filter  System  Ho.  2 for 
representing  typical  a lrcrcu.t /control  system  dynasilc  behavior.  The  fact 
that  Filter  Syston  No.  2 does  not  represent  the  inertially  auffaented  system 
responses  accurately  is  of  little  Importance  because  of  the  third  point  above. 
Naioily,  since  DE  is  approximately  DCB  for  inertially  au^aented  systems,  and 
becavise  it  has  been  shown  in  Bef . 1 that  the  limiting  ikctor  for  inertially 
augmented  systems  is  the  missed  approach  rate  (which  in  turn  has  Its  source 
in  large  indicated  path  deviation),  tolerances  placed  upon  DCB  alone  are 
sufficient  to  assure  adequate  performance  from  inertially  au^iented  systems. 

Of  course,  it  would  also  be  possible  to  consider  a third  filter  system  which 
would  be  a highly  simplified  simulation  of  inertially  ausoented  systems,  but 
this  does  not  appear  to  be  warranted. 

The  second  point  above  is  the  basis  for  not  specifically  considerii^ 
manually  controlled  flight  director  systems  further.  The  controlled 

flight  director  syston  responses  are  very  similar  to  the  LSI  automatic  landing 
system  responses  in  Figs.  A-lU  and  A.16  and  in  Figs.  A-2^  and  A-27.  Addi- 
tional manually  controlled  flight  director  runs  therefore  are  unnecf.'ssaiy. 

Table  2 lists  figure  minbers  for  comparable  responses  of  Filter  System 
Ho.  2 and  the  CV-880/LSI  automatic  landing  system  for  all  nine  ,'TOtotype 
Glide  Slqpe  fault  Inputs.  Actual,  comparison  shows  good  qualitative  agree- 
ment in  response  shape  and  phase  for  all  prototype  Glide  Slope  iiputs.  This 
validates  selection  of  Filter  System  No.  2. 
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TABLE  1 


BESFOKSB  CGNPARISGi  FOR  FIIffBt  SrSEBIS  10.  1 AID  K).  2 
ACROSS  AIBCRAR/CQIIBOL  STSHM  CdeilATK«S  FOR 
GIVER  HOTOTIFE  GLIDE  SLOPE  FAULTS 


FILTER  STSTEM  AIRdAFI/COinOL  STSTBI 

IROIOTYFE  GLIDE  FIGOSE  HUBS  FIGURE  RGHBLJ 


SLQI>E  FAULT  NO. 

K, 

1 /lO.  2 

LSI  y 

f IS  ) 

f FD  / 

PA-30 

2 

A.2 

A-3 

A.l4 

A-15 

A- 16 

A-17 

3 

A.L 

A-5 

A-l8 

A-19 

9 

A-11  A>12 

A-25 

A-26 

A-27 

A-2B 

TABLE  2 

RESPONSE  COMPARISON  FOR  FIITBl  SISTBI  10.  2 WITH  THE 
CV-880/LSI  SIMULATIDN  ACROSS  PROTOTIPE 
GLIDE  SLOPE  FAULT  IRFUIS 


PROTOTYPE  GLIDE 
SLOPE  FAULT  NO. 

FILTER  SYSTEM  NO.  2 
FIGURE  NUMBER 

CV-880/LSI 
FIGURE  NUMBER 

1 

' 

A»1 

A-13 

' 2 

A-3 

A-lU 

3 

A-5 

A-l8 

i h 

A-6 

A- 20 

5 

A-7 

A-21 

1 ' 

6 

A 

A-8 

A- 22 

' ! 7 

f ( 7 

, ; 

A-9 

A-2J 

' 8 

^ } 1 

A-lO 

A- 24 

■ : 9 

A-12 

A-25 

! i 
. ! 
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In  thin  section  the  perfbr— nee  prediction  oqnbility  of  the  nirexmft/ 
control  systen  siaulmtion  nodel  will  be  presented.  In  addition,  the  key 
flifjht  inspection  tolerances  developed  in  Ref.  1 will  be  applied  to  the 
responses  of  Filter  Systea  2 to  illustrate  their  effectiveness  in  diseriair 
nating  against  ILS  Glide  Slope  facilities  vMdi  would  induce  out-of- 
specification  apprMch  and  landin4<(  perforaance. 

T^anffa^  RRfOBNim 

Table  3 staaerises  the  landing  perfonance  data  for  the  siauleted 
aircraft/control  e/stea  coablaations  in  response  to  actual  (Elide  Slope  data 
ii^ts.  Data  for  22  runs  in  respoiw;  to  l6  different  Glide  Slope  fheilitles 
eoveriim  all  categories  of  service  is  given.  Aaong  these,  8 runs  are  given 
which  include  calculation  of  the  dispersive  effects  of  wind,  wind  sheer  and 
turbulence  iq»n  landing  perfontanee. 

The  aean  sink  rate  at  touchdown  and  the  uMn  location  of  the  touchdown 

point  with  respect  to  the  Glide  Ihth  Initial  Point  (6PIP)  in  Table  3 a^f  be 

regarded  either  as  the  average  values  at  touchdown  in  the  presence  of  ataoe- 

pheric  distiurbances,  or  as  the  values  which  would  occur  in  the  caqdete 

absence  of  atmospheric  distxurbances.  The  mean  sink  rates  resulting  at 

touchdown  are  reasonable,  but  are  slightly  on  the  high  side,  for  all  runs. 

(Ho  special  atteapt  was  made  to  tune  vip  the  flare  coaputer  in  the  sianla- 

tions  to  achieve  the  more  usual  noalnal  sink  rate  at  touchdown  of  2 ft/sec. ) 

The  aean  touchdown  point  location  is  acceptable  for  all  cases  except 

« 

Ho.  iU  CV.860  LSI 

Ho.  16  CV-800  LSI 

and  the  following  cuises  are  near  the  borderline  but  are  nevertheless  within 

specification: 
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Note:  Simulated  category  of  operations  is  same  as  ILS  facility  category  unless  otherwise  noted 

•Simulated  Category  II-III  operations  with  automatic  landing. 

^Simulated  Category  II  operations  with  manual  landing. 

*NA  Not  applicable 


No. 

k 

CV-800 

LSI 

No. 

1 

CV-880 

LSI 

No. 

10 

CV-880 

IS* 

No. 

12 

CV-880 

LSI 

The  standard  deviation  of  the  sink  rate  at  touchdown  arising  because  of 
random  atmospheric  disturbance  effects  is  small  (approximately  0.540  ft /sec) 
for  the  8 runs  wherein  that  statistic  is  counted. 

The  longitudinal  dimension  of  the  ±2o  touchdown  footprint  is  well  wit)iin 
the  permissible  range  for  all  runs.  It  is  interesting  to  notice,  however, 
that  the  longitudinal  dispersion  arising  from  atmosi>heric  disturbances  alone 
is  much  smaller  than  that  arising  from  the  combined  effects  of  atmospheric 
disturbances  and  ILS  Glide  Slope  beam  alignment  error  and  structure.  (This 
may  be  seen  by  comparing  entries  in  Table  5 with  comparable  entries  in 
Table  5 !•)  fact,  the  longitudinal  dispersion  for  the  combina- 

tion of  inputs  is  much  larger  than  the  root- sum- squared  values  for  the  sepa- 
rate inputs  acting  alone.  The  mechanism  of  this  effect  can  be  appreciated 
by  considering  the  approximate  equation  for  the  ±2a  touchdown  footprint 
dimension  (Eq.  C-l!^  from  Ref.  l): 


XtDc  - XtI  1 


H=0 


If  the  expression  in  the  brackets  is  squared  and  the  quantities  are  considered 
to  consist  of  tv;o  (or  more)  uncorrelated  components,  then 


Ov(  I - 


('^XHI  CxH?  ->■  . .. )‘ 
®H1 


v;here  ic  the  covariance  of  X and  H.  It  is  clear  that  if  all  are 
of  comparable  size,  all  are  of  comparable  size,  and  the  magnitude  of 
CxHi  is  very  large  in  comparison  to  the  other  then 
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where  the  righthand  side  Is  sum-square  of  the  components. 

All  pilot  acceptance  related  factors  In  Table  3,  the  standard  deviations 
of  pitch  attitude  and  nozual  acceleration,  are  well  within  the  pezmlssible 
ranges  for  all  nms  for  which  these  quantities  were  cooputed.  Notice  that 
the  values  coeputed  are  mainly  specific  to  the  aircraft  and  are  to  a tyMt-n 
extent  specific  to  the  control  system. 

The  missed  approach  rate  predicted  for  the  8 runs  wherein  ataospherlc 
dlstiurbance  Inputs  are  included  is  acceptable.  However,  the  missed  approach 
rate  for  the  Pipei*  is  8 percent  higher  than  the  target  missed  approach 

rate  of  0.0^.  In  attempting  to  coeplete  the  runs  for  the  Piper  PA-30,  the 
autothrottle  law  described  in  Ref.  2 was  found  to  be  ineffective.  (No  aitto- 
throttle  at  all  would  result  in  better  performance. ) The  autothrottle  lav 
of  Ref.  2 was  used  for  the  simulation  work  reported  in  Ref.  1 without  modi- 
fication, and  appears  to  be  almost  entirely  responsible  for  the  poor  landing 
performance  reported  in  Ref.  1 for  the  Piper  PA.30  and  the  invented  control 
system.  The  autothrottle  gains  are  modified  to  the  values  listed  in  Table  U 
for  the  simulation  runs  reported  herein.  These  gain  values  were  derived  by 
reference  to  the  longitudinal  acceleration  equation  for  the  Piper  PA-30.  The 
root-meaua-square  thr<^'^''.le  activity  for  the  modified  and  unnodifled  auto- 
throttle control  law  gains  is  comparable.  However,  dynasilc  performance  for 
the  modified  autothrottle  is  superior. 

The  data  for  Glide  Slope  Identification  nuabers  1O,  16,  and  2h  permit 
some  tentative  assessment  of  the  benefits  of  inertial  augmentation  in  the 
Glide  Slope  coupler  law.  In  evezy  case,  the  addition  of  inertial  au0ssnta- 
tlon  reduced  the  longitudinal  dimension  of  the  ±2a  touchdown  footprint  by 
the  modest  amount  of  13  percent,  and,  in  two  out  of  three  cases,  the  mean 
touchdown  point  is  closer  to  that  for  the  ideal  Glide  Slope,  5OO  ft  (from 
Table  5,  Ref.  1). 
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TABUt  k 


GSAH  VALOES  FOB  NGOOEFIED  EA-30  ADIOlBKOmE 

lAtx  ” ®*5  *«d/*ec 
K^  a 25,k  lb-thrust/(ft/tec) 

a 1.^  (U>-thmst/aec)/(ft/8ee) 
i/t0  a 0.^  nd/tec 
Kq»  s 1800.  lb>thro«t/rttd 


The  purpose  of  this  mbMctioa  1«  to  demonetrete  the  effectlTeneea  of 
the  proposed  flight  inspection  filter  concept  in  dieeriadinatintf  agnlnet 
those  ILS  Glide  Slope  date  records  for  vhieh  oat*of>^eifleetion  approach 
and  landing  perfomanee  is  Indicated  hy  siaalatiaa  results.  This  daaon* 
stratlon  proceeds  by  coqparlson  of  hypothetical  fheility  rejections  jased 
iqpon  sinulated  system  performance  evaluatiw  with  fscility  rejectlMs  based 
i^on  sinulated  fll^  inspections  using  the  filter  system  concept. 

The  tests  applied  to  the  slnulation  data  are  as  follows.  The  resp(»ses 
in  actual  glide  path  deviation  (ECAP),  indicated  glide  path  deviation  (IIAE) 
and  actual  glide  path  deviation  rate  (EXAID)  of  Filter  Slystem  Ho.  2 to  the 
differential  trace  (EIACB)  of  the  flight  inspection  data  for  each  of  the 
12  different  ILS  Glide  Slope  facilities*  are  compared  with  the  2o  tolerance 
levels  correspondlog  to  each  response  variable  and  the  differential  trace 
itself.  The  test  fails  for  a given  facility  if  any  one  response  variable 
exceeds  the  corresponding  2o  tolerance  level  given  in  Fig.  3 for  more  than 
3 percent  of  the  record  length^ . (For  more  details  concerning  application 

*Figures  B>1a  throu|^  B»l2a  of  Appendix  B. 

^The  record  lengths  from  simulation  ure  somewhat  shorter  than  those  idiich 
would  result  in  flight  inspection  since  <»ly  the  last  7^  ft  of  descent  is 
simulated.  The  last  730  ft  does  cover  the  most  crucial  phase  of  the  Hqproach 
and  landing  however. 
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Figure  3.  2a  Tolerance  Levels  for  Application  to  Filter  System  No 

Responses  in  Appendix  B 


Figure  3.  (Continued) 
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Figure  5.  (Continued) 


Figure  (Concluded) 


of  these  tolerances,  refer  to  the  "Data  Analysis"  subsectlcm  in  Section  IH 
of  Ref.  1 . ) This  test  is  applied  for  two  levels  of  the  tolerances.  One 
level  is  appropriate  for  Category  I facility  performance } the  seccaid  level 
is  appropriate  for  Category  II  or  m facility  performance.  The  results 
of  this  test  (blank  or  P = pass,  F = fail)  are  indicate'  jy  the  above-the- 
line  entries  in  Table  ^ for  each  variable  and  category  of  performance. 

Table  ^ also  contains  the  results  of  conparing  the  simulated  responses 
of  the  CV*880/LSI  aircraft /control  system  combination  in  actxial  glide  path 
deviation,  indicated  glide  path  deviation  and  actual  glide  path  deviation 
rate  to  the  differential  trace  of  the  fliglit  Inspection  data  for  the  seune 
12  ILS  Glide  Slope  facilities*  with  critical  2a  levels  (given  in  Fig.  4) 
which  juct  permit  acceptable  approach  and  landing  performance.  (These  levels 
are  developed  in  Ref.  1 . ) . The  test  fails  for  a given  facility  if  any  one 
response  variable  exceeds  the  corresponding  2*  level  for  more  than  ^ percent 
of  the  record  length.  This  test  is  applied  for  levels  appropriate  for  Cate- 
gory I operational  performance  and  for  Category  II  or  III  operational  perfor- 
mance. The  results  of  this  test  (blank  or  P = pass,  F = fail)  are  indicated 
by  the  below-the-line  entries  in  Table  t for  each  variable  and  category  of 
performance . 

Comparison  results  summarized  in  Table  5 show  that  all  facilities 
rejected  cn  the  basis  of  simulated  system  performance  at  a given  operational 
category  level  are  also  rejected  on  the  basis  of  simulated  flight  inspection 
for  that  category  level.  Furthermore,  only  two  facilities  rejected  by  the 
simulated  flight  inspection  are  found  to  be  marginally  acceptable  by  the 
simulated  system  performance  evaluation  out  of  the  twelve  facilities  tested 
at  each  of  two  operational  category  le’'els.  These  findings  tend  to  indicate 
that  flight  inspections  using  the  filter  concept  tend  to  be  slightly  con- 
servative. 


Figiire  B-l’ia,  B-1oa  through  B-C>., 


B-2!;a,  and  B-2oa  of  Appendix  B. 
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COMPARiaOK  Of  TEST  BESQLTS  FGR  TQLSAHCES  UFCH 
FlLTBt  aiSSm  HO.  2 OraPDTS  AHD  UPGR 
MRCSAFT/OONTRQL  STSTEM  0UTP0I8 


BT.TTMg 

SLOPE 
ID.  NO. 

ACTUAL 

ILS 

FACILITr 

VARIABLE  UNIXR  TEST  AND  TEST  CATEGORY 

FACILITY 

TEST 

RESULTS 

ETACB 

ETAP 

EIAE 

ETAPD 

CATEGORY 

I 

II-III 

I 

II-III 

I 

II-III 

I 

II-III 

I 

II-III 

1 

III 

F/P 

F/P 

3 

III 

4 

II 

5 

II 

6 

II 

7 

II 

9 

I 

F/P 

F/P 

F/P 

P/F 

P/P 

11 

I 

F/P 

F/P 

12 

I 

j 

F/P 

P/P 

F/P 

13 

I 

F/F 

P/P 

F/F 

i4 

I 

F/Pl 

P/P 

F/F 

P/F 

P/P 

15 

I 

F/F 

F/P 

F/F 

F/F 

F/P 

F/P 

P/P 

F/F 

P/P 

Legend 

P/  * Test  fails  for  Filter  Systan  No.  2 output 

/P  s Test  fails  for  CV-8©0/LSI  siaulation  output 

/P  = Test  passes  for  CV-880/LSI  simulation  output 

No  entry  indicates  test  passes  for  Filter  System  No.  2 output  and  for 
CV-88oyi*SI  s5mulatlon  output. 

Note; 

1.  The  "Pass”  is  an  artifact  of  the  ETACB  trace  presentation  in  Pig.  B-25. 
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Figiire  U.  Critical  2a  Levels  Corresi>onding  to  Key  CV-88O  Simulation 

Response  Variables  in  Aj^endix  B 


Figure  4.  (Continued) 


Figure  (Continued) 


Figure  4.  (Coneluded) 


other  obeermtione  of  interest  fras  Table  ^ axe  as  follows. 

• Two  Category  I ILS  Glide  Slope  facilities  (Hos.  11  and  13) 
are  qjparently  acceptable  for  Category  n-m  service 
insolkr  ae  tolerances  on  the  differential  trace  are  con- 
cerned. (Becall  this  tolerance  is  coaparable  to  the  exis- 
ting flight  inspection  standard  on  structure  except  in  US 
Approadi  Zone  3 idierein  the  tolerance  becones  increasingly 
less  restrictive  than  the  exlstlqg  flight  inspection  stan- 
dard as  the  runway  threshold  is  approached. ) However, 
tolerances  applied  to  the  indicated  path  deviation  and/<xr 
the  actual  path  deviation  rate  outputs  of  the  fLic^t 
inspection  filter  systen  result  in  rejection  of  these 
facilities  for  Category  II-III  service.  This  finding 
illustrates  the  increased  discrimination  provided  by 
tolerances  applied  to  the  several  filter  system  outputs 

in  conpariscm  to  the  level  of  discrimination  obtained  vbea 
tolerances  are  applied  to  the  differential  trace  alone. 

• Only  one  facility,  commissioned  for  Category  I service 
(Ho.  12),  has  a Category  XI-III  level  of  performance. 

However,  the  conservative  nature  of  the  filter  system 
obscures  this  fact  in  this  particular  instance. 

• All  US  Glide  Slope  facility  data  records  except  two 
(Nos.  1 and  13)  pass  the  tolerance  tests  for  their  actual 
coomissioned  service  category.  In  the  case  of  No.  1,  simu- 
lated system  performance  shows  that  this  facility  Is  actually 
marginally  acceptable  for  its  actual  comaissioned  service 
category,  but  the  conservative  nature  of  the  filter  system 
obscures  this  fact. 

The  above  findings  tend  to  confirm  the  position  that  flight  inspections 
based  vqpon  the  filter  system  concept  are  successful  in  discrimlrating  against 
those  ILS  Glide  Slope  facilities  for  tdilch  out-of-specification  approach  and 
iMuHng  performance  can  be  e^qpected.  Furthennore,  the  filter  system  concept 
does  not  result  in  the  rejecticm  of  any  ronmarglnal  ILS  (Hide  Slope  facilities. 
Therefore,  the  method  is  not  overly  conservative. 

Finally,  it  is  interesting  to  note  that  the  data  in  Table  3 Indicate 
that  the  Category  II-III  level  of  landing  performance  is  achievable  with 
Inertlally  augnented  Glide  Slope  coupling  Category  I facilities  No.  10 
and  Ho.  I6. 
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This  section  provides  a susBaary  of  the  najor  conclusions  reached  as  a 
result  of  the  system  simulation  studies  reported  herein. 

• More  accurate  estimates  of  indicated  and  actual  glide 
path  deviation  and  glide  path  deviation  rate  are  pro* 
vlded  by  Filter  System  No.  2 (aircraft  with  perfect 
rate-of-climb  and  airspeed  control  and  proportional* 
plus*lntegral  coupler  model)  than  by  Filter  System 
No.  1 . 

• There  is  substantial  similarity  in  the  gross  .cature  of 
the  responses  for  all  aircraft  and  Glide  Slope  coupling 
techniques  among  themselves  and  with  respect  to  the 
responses  estimated  using  Filter  Systems  No.  1 and  2. 

• The  inertially  augmented  coupler  has  substantially 
attenuated  responses  to  ”high**  frequency  ILS  Glide 
Slope  stxMctui^  for  all  variables  except  indicated 
glide  path  deviation  (as  one  would  expect).  This  is 
the  principal  feature  differentiating  the  aircraft/ 
control  system  combinations  simulated.  Ihe  inertially 
augmented  coupler  also  results  in  a modest  reduction  in 
longitudinal  touchdown  dispersion. 

• The  sisrulatlon  techniques  reported  in  Ref.  1 can  be  used 
to  predict  a typical  mean  longitudinal  touchdown  point 
using  flight  inspection  data  for  a specific  ILS  Glide 
Slope  facility  and  can  predict  the  typical  longitudinal 
dimension  of  the  ±2o  touchdown  dispersion  footprint 
arising  from  winds,  wind  shear  and  turbulence. 

• Disturbances  arising  from  facility-to*facility  varla* 
bility  in  ILS  Glide  Slope  structiure,  and  winds,  wind 
shear  and  turbulence  combine  in  a synergistic  way  which 
causes  longitudinal  touchdown  dispersion  for  the  com* 
binatlon  of  all  disturbances  to  greatly  exceed  the  root* 
sum*square  dlspe''*ions  for  each  disturbance  acting 
separate!)'. 

• Hie  2o  tolerances  (developed  in  Ref.  l)  applied  to  the 
corresponding  responses  of  Filter  System  No.  2 are  sue* 
cessful  in  discriminating  against  those  ILS  Glide 
Slope  facilities  which  produce  out-of-specification 
approaches  and  landings. 
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The  data  in  thia  appendix  are  arranged  in  tile  Manner  aonnar 
Tablea  A-1  and  A-2.  Table  A-i  providea  a eroaa  reference  of  identifica* 
tlon  nunibera  (in  firat  eolnan)  aaaigned  to  the  prototype  Glide  Slope  Ibulta 
described  rerbadly  in  the  second  colvna.  Graphical  preaentations  of  theae 
faults  are  available  in  the  figures  irtioae  malbers  are  listed  in  the  third 
and  fourth  oolunns.  The  graphical  presentations  are  given  both  in  linear 
units  (feet)  in  the  DCL  (dc)  trace  of  these  figures,  and  in  angular  units 
(ixA)  in  the  ETACB  (t|  ) trace.  Filter  system  responses  to  the  various  proto- 
type  Glide  Slope  fault  inputs  are  given  in  the  figures  designated  in  the 


TABLE  A.1 

SOMARY  OF  Fnm  SYSTBI  RESPOESB  DATA  TO 
FRCTOTYFE  GLIDf  SLOPE  FAULT  IHFUTS 


PROTOTYPE  GLIDE 


FADIT 


DB3CRIPII0R 


20  ft  step  at  lOK  ft  range 
20  ft  step  at  UK  ft  range 
10  ft  cosine  ?K  ft  wavelength 


10  ft  cosine  1K  ft  wavelength 
3 ft  cosine  IK  ft  wavelength 
Large  anplitude  arbitrary  function 


Large  aaplitudc  arbitrary  function 
Moderate  amplitude  arbitrary  function 
Moderate  asqplitude  arbitrary  function 


FIGURE  RO.  FOR  RESPONSE  OF 


FILTER  HO.  1 FILTER  NO.  2 


third  and  fourth  columns  of  Table  A>1.  Ihble  A-2  provides  a cross  reflursnes 
of  the  aircraft/control  system  responses  to  the  various  prototype  Qllds  Slope 
fSult  iiqiuts  by  liqput  number,  aircraft /control  system  eonfifuration,  and 
figure  number.  The  details  of  tiie  filter  systems  am  given  in  Pigs.  1 and  2 
in  the  main  text  and  in  Ref.  I . Details  of  the  aircraft /control  system  com- 
binations simulated  are  given  in  Appendix  B of  Ref.  1 . Definitions  of  the 
symbols  used  appear  in  the  front  matter. 
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Filter  system  response  data  appearing  in  Figs.  A-1  throu^  A- 12  closely 
simulate  results  which  would  be  Obtained  in  a hypothetical  field  test  of  the 
filter  qrstem.  The  only  assumption  made  is  that  the  inspecting  aircraft  is 
approaching  at  ccmstant  ground  speed  and  rate  of  descent.  This  assumption 
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is  close  to  the  fhcts  of  actual  (^ration.  The  filter  system  responses 
extend  down  to  the  point  vfaere  the  Ideal  path  asymptote  has  an  altitude  of 
50  ft.  This  point  nominally  corresponds  to  the  point  of  runway  threshold 
crossing. 

Hie  aircraft /control  system  combination  response  data  appearing  in 
Figs.  A- 13  through  A-26  have  the  following  characteristics  requiring  further 
explanation.  The  DCB  (dc)  trace  represents  the  Glide  Slope  forcing  function. 

The  ETACB  trace  is  derived  from  the  DCB  data.  The  DCB  trace  is  active 
until  the  Category  II  decision  height  is  reached  on  a manually  completed 

(flight  director  and  Piper  PA>30  cases).  Below  the  decision  height 
the  DCB  trace  is  set  to  zero.  On  automatically  completed  landings,  the  DCB 
trace  is  active  until  the  flare  initiation  altitude  is  reached.  Below  that 
alti.tude,  the  DCB  trace  is  held  constant  at  the  value  prevailing  at  flare 
initiation.  All  flight  director  and  Piper  PA-50  cases  utilize  the  Glide 
Slope  forcing  function  in  simulated  Category  II  axiproaches  with  manually 
completed  landings  (designated  II  M).  The  other  two  cases,  the  CV-880  with 
the  LSI  automatic  landing  system  (LSI)  or  with  an  inertially  augmented  version 
of  the  LSI  automatic  landing  system  (IS),  utilize  the  Glide  Slope  forcing 
function  In  simulated  Category  II  or  III  approaches  with  automatic  landing. 

Finally,  the  magnitude  of  most,  if  not  all,  of  the  prototype  Glide  Slope 
faults  is  much  larger  than  could  be  tolerated  in  actual  operation.  For  example, 
all  prototype  Glide  Slope  faults  except  No.  5 fail  to  meet  the  Category  I 
flight  inspection  standard  for  structure  (±30  uA  on  a Co  basis).  Furthermore, 
Glide  Slope  "aults  ;Io.  1,  3,  • , o,  7,  8,  and  9 were  not  tracked  within  the 
required  tolerance  for  continuinc  a Category  II  approach  (±57.5  uA  or  ±12  ft 
whichever  is  larger,  from  an  altitude  of  700  ft  down  to  the  decision  altitude) 
by  the  systems  simulated,  even  in  the  complete  absence  of  atmospheric  distur- 
bn*'  e effects.  The  prototype  Glide  Slope  faults  nevertheless  have  been  used 
as  supplied. 
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Fi~ure  A-5.  Responoes  of  Filter  System  No.  2 to  Prototype 

Glide.  Slope  Fault  No.  2 
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Fi-ure  A-7.  Responses  of  Filter  System  Ho.  2 to  Prototype 

Glide  Slope  Fault  No.  5 
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Figvue  A-9.  Responses  of  Filter  System  Ho.  2 to  Prototype 

Glide  Slope  Fault  No.  7 
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Figure  A- 10.  Responses  of  Filter  System  No.  2 to  Prototype 

Glide  Slope  Fault  No.  8 
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Figure  A-H.  Responses  of  Filter  Systeis  No.  1 to  Prototype 

Glide  Slope  Fault  No.  9 
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Figure  A- 12.  Responses  of  Filter  System  No.  2 to  Prototype 

Glide  Slope  Fault  No.  9 
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Figure  A-I3.  Responses  of  the  CV-380  Aircraft  with  LSI  Automatic  Landing 
Syatm  and  Conventional  Slide  Slope  Coi^ling  to  Prototype 
Glide  Slope  Fault  No.  1 
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■ig^are  A-lU.  Responses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to  Prototype 
Glide  Slope  fault  No.  2 
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Figure  A-I3.  Responses  of  the  CV-88O  Aircraft  vith  LSI  Autosatic  Landing 
Systen  and  Inert ially  Aupiented  Glide  Slope  Coupling  to 
Prototype  Glide  Slope  Fault  No.  2 
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Figure  A-15-  (Concluded) 
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Figure  A-l6.  Responses  of  the  CV-88O  Aircraft  with  Manually  Controlled 
Flight  Director  Systas  and  Conventional  Glide  Slope  Coupling 
to  Prototype  Glide  Slope  Fault  No.  2 
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Figure  A-17.  Responses  of  the  Piper  PA-30  Aircraft  with  Invented  Flight 
Control  Systea  and  Conventional  Glide  Slope  Coupling  to 
Prototype  Glide  Slope  Fault  No,  2 
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Figure  A-18.  Reeponeee  of  the  CV-880  Aircraft  with  LSI  AutoBatlc  Lauding 
SysteB  and  Conventional  Olide  Slope  Coupling  to  Prototype 
Ollde  Slope  f^ult  Ro.  3 
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A 10  Rearonsea  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
^ System  and  Inertlally  Auownted  Glide  Slope  Coupling  to 

Glide  Slope  Fault  lo.  3 
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Figure  A-19.  (Concluded) 
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Figurs  A-20,  (Concluded) 
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■i<tur»  A-21.  Responses  of  the  CV-88O  Aircraft  with  LSI  Autcrotic  Landing 
System  and^Conventional  Glide  Slope  Coupling  to  Prototype 
Glide  Slope  Fault  Ho.  5 
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Figure  A-22.  (Concluded) 
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Figure  A-23.  Responses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to  Prototype 
Glide  Slope  Fault  No.  T 
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Figure  A-23.  (Continued) 
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Figure  A-c', , (Concluded) 
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Figure  A-2i*.  (Concluded) 
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Figure  A~25.  Responses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Conveutionsl  Glide  Slope  Coupling  to  Prototype 
Glide  Slope  Fault  No.  9 
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Figure  A-25.  (Continued) 
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Figure  A-25.  (Concluded) 
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Figure  A-26.  Responses  of  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System  and  Inertially  Augmented  Glide  Slope  Coupling  to 
Prototype  Glide  Slope  Fault  No.  9 
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Figure  A-26.  (Concluded) 
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Figure  A-27.  Responses  of  the  CV-88O  Aircraft  with  Manually  Controlled 
Flight  Director  System  and  Conventional  Glide  Slope  Coupling 
to  Prototype  Glide  Slope  Fault  No.  9 
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Figure  A-27.  (Continued) 


TR-IOU3-I-II 


A-71 


Cot.  I MOA 
Cat. 

E A.0B 

TIME  (sec) 

(c) 

Figure  A-28.  (Concluded) 
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% PPECEDIIG  ?1GK  BLANK-WJT  FIU®> 

AFFENm  B 

Film  s!TS!ca(  m ASOAFi/coiintoL  SYSiaf  BonzAHov 
B18FQII8B  SLOTS  FOR  ACIOAL  H8  GLIDB  8LQRE 
FZJOSE  IHSPBCnOR  nATA  ZKFOI 

Table  B-1  provides  background  information  for  the  l6  actual  ILS  Glide 
Slope  flight  inspection  records  used  as  inputs  to  the  filter  system  ?ind 
aircraft/control  system  simulations.  This  table  also  provides  a working 
identification  number  (first  column)  for  each  record.  Graphical  presen- 
tations of  the  differential  trace  from  these  records  are  available  (Figs.  B-1 
throu^  B-12  and  Figs.  B-27,  51 > 35j  and  59)-  The  graphical  presentations 
are  given  in  both  linear  units  (feet)  as  measured  with  respect  to  a strai^t 
line  at  the  commissioned  angle  for  the  particular  Glide  Slope  facility,  and 
in  angular  units  (uA)  as  wovild  be  measured  with  respect  to  the  ideal  0 DDM 
path  by  a radio  telemetering  theodolite  set  to  the  commissioned  angle  for 
the  particular  Glide  Slope  facility.  The  linear  unit  measurement  is  the  DCB 
(dc)  trace,  and  the  angular  measurement  is  the  ETACB  (t[c)  trace  in  the  series 
of  figures  which  follow. 

The  data  in  this  appendix  are  arranged  in  the  maimer  summarized  in 
Tables  B-2  and  B-5.  The  second  column  of  Table  B-2  lists  figure  numbers 
for  the  responses  of  Filter  System  No.  2 to  the  various  ILS  Glide  Slope 
flight  inspection  data  inputs.  The  third  through  sixth  columns  of  Table  B-2 
list  figure  nxanbers  for  the  responses  of  the  various  aircraft/control  system 
combinations  to  the  various  ILS  Glide  Slope  flight  inspf;ction  data  inputs. 

The  odd  numbered  figures  listed  in  Table  B-5  contain  similar  response  data 
for  U additional  ILS  Glide  Slope  flight  inspection  daiti  inputs.  The  even 
numbered  figures  listed  in  Table  B-5  present  the  standard  deviations  in  the 
response  variables  arising  from  random  levels  of  wind  and  wind  shear  from 
one  approach  to  the  next,  and  from  stochastic  turbulence.  Defintions  of 
the  symbols  used  appear  in  the  front  matter. 
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B-1 


TABLE  B.1 


SHMUDT  Cf  ACIOAL  GLIDB  SLOPE  FUEBT 
mSFBCTIDH  DATA  RECORDS 


WQRCOB 

JDOniFI- 

CATISH 

MGMBBt 

FAcmry 

TYPE 

CATEGORY 

DATE 

1 

AtUnta,  GA  9R 

Hull  Ref. 

III 

2/13/73 

2 

Atlanta,  GA 

Capture  Effect 

III 

3/19/75 

5 

Atlanta,  GA 

Capture  Effect 

III 

5/23/73 

4 

PittaBorgli,  PA  lOL 

Capture  Effect 

II 

8/5/70  ? 

5 

San  Fnnclsco,  CA 

Hull  Ref. 

II 

5/6/69 

6 

Oakland,  CA 

Hull  Ref. 

n 

5/2/69 

7 

JPE,  HY  4R 

Hull  Ref. 

II 

1 /28/69 

9 

Staunton,  VA 

SR  Ref. 

I 

? 

10 

Staunton,  VA 

End  Fire 

I 

9 

11 

Staunton,  VA 

End  Fire 

I 

McF.  Rept. 

12 

Bradford,  BA 

Hull  Ref. 

I 

10/3/70 

13 

Bradford,  BA 

Hull  Ref. 

I 

7/22/74 

14 

ColuDibua,  GA  ^ 

Redlich  Array 

I 

9/23/70 

15 

Colunibua,  GA  ^ 

Hull  Ref. 

I 

i6 

ColuBtua,  GA  ^ 

Capture  Effect 

I 

9/26/71 

24 

La  Guardia,  RY  22 

Wave  Guide 

(Before  Modification) 

II 

10 '6/73 
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TABLE  B-2 


SOMAHT  OF  FZGORE  HOIBERS  FOR  FUSS  ST3rBf  AID 
AIRCRAFT/CCmnOL  STSTBI  RBSPORSE  DATA 
TO  ACTUAL  GLIDE  SLOPE  DATA 


TABI£  B-5 


SlMtARY  OF  FIGURE  NUMBERS  FOR  AIRCRAFT/CONTROL  SYSTEM 
RESPONSES  TO  ACTUAL  GLIDE  SLOPE  DATA, 

WIND,  WIND  SHEAR  AND  TURBULENCE 


GLIDE  SLOPE 
RECORD  ID  NO. 

AIRCRAFT/OONTROL  SYSTEM  OOMBINATIOR 

CV-880 

LSI 

CV-800 

INERTIALLY 

AUSMElfTED 

CV-800 

FLIGHT 

DIRECTOR 

PA-30 

INVEnrS) 

2 

B-27,  28 

B-29,  30 

10 

B-51,  32 

B-33,  34 

16 

B-35,  36 

B-37,  38 

24 

B-39,  40 

B-41,  42 

TR-10U5-1-II  B-3 


BMUK8  («  GOMlLMiailliaA 

Filter  sjstea  responae  data  appearing  in  Figs.  B-1  through  B-12  closely 
sianlate  results  vliich  voiild  be  obtained  in  a field  test  of  the  filter  systen 
at  the  given  IIS  Glide  Slope  ihcilily.  The  only  assunption  aade  is  that  the 
inspecting  aircraft  is  approaching  at  constant  ground  speed  and  rate  of 
descent.  This  assiaqpti<»)  is  close  to  the  fhcts  of.  actual  operation.  The 
filter  aynten  responses  extend  down  to  the  point  where  the  ideal  path  asynp* 
tote  has  an  altitude  of  ^ ft.  This  point  noadnally  corresponds  to  the  point 
of  runway  threshold  crossing. 

The  aircraft/control  system  combination  response  data  appearing  in 
Figs.  B-1 3 through  B-26  and  odd  numbered  figures  B-27  throu^  have  the 
following  characteristics  requiring  further  explanation.  The  DCB  (dc)  trace 
represents  the  Glide  Slope  forcing  function.  The  1X3  trace  is  derived  from 
the  ETACB  (1^)  data.  The  IT^CB  trace  is  active  until  the  Category  I minimum 
descent  altitude  or  Category  II  decision  height  is  reached  on  a manually 
cospleted  landing  (CV-880  Category  I and  Piper  PA-30  cases).  Below  the 
nlnimum  descent  altitude  or  decision  height  the  EIACB  trace  is  set  to  zero. 

On  automatically  completed  landings,  the  ETACB  trace  is  active  until  the 
flare  Initiation  altitude  is  reached.  Below  that  altitude  the  ETACB  trace 
is  held  constant  at  the  value  prevailing  at  flare  initiation.  These  cases 
include  Category  II  or  III  approaches  and  automatic  landings  with  the  CV-880 
and  the  LSI  automatic  landing  system  (LSI)  or  an  inertlally  augmented  version 
of  the  LSI  automatic  landing  system  (IS). 

The  standard  deviation  pl.ots  (even  numbered  figures.  Figs.  B-26  through 
B-42)  require  further  Infonration  for  correct  interpretation.  n>e  first 
point  is  that  the  altitude,  H (h),  and  ground  range,  X,  traces  in  all  figures 
are  the  mean  (or  e:qpected)  values  of  those  variables.  These  provide  the  capa- 
bility to  read  the  standard  deviation  traces  as  functions  of  altitude,  dis- 
tance or  time,  as  desired.  The  nuct  feature  is  that  the  standard  deviation 
data  for  each  variable  is  pi^sented  in  two  components  for  simulated  Cate- 
gory 1 approaches  axid  manually  completed  landings.  One  component,  the  trace 
designated  W in  the  figures,  is  that  arising  from  random  wind  and  wind  shear 
effects.  The  other  cooq>onent,  the  trace  designated  T in  the  figures,  is  that 
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arising  trcm  tuxtialence.  Tbe  total  standard  deviation,  idiich  is  not  plotted, 
is  given  liy  the  root-sum*squared  value  of  tbe  tvo  eoaponents.  The  standard 
deviation  data  for  sivnlated  Category  H and  III  approaches  and  landings  is 
presented  in  -^inilar  fashion  down  to  the  Category  II  decision  hel^^t.  How- 
ever, below  tile  decision  bei^t,  the  total  standard  deviation  is  plotted. 
This  is  because  the  standard  deviation  components  cannot  be  distinguished 
below  the  decision  hei^it  because  the  model  of  the  missed  approach  decision 
process  operates  in  a nonlinear  manner  upon  the  standard  deviation  con^- 
nents  at  the  decision  height.  This  model  of  the  missed  approach  decision 
process  is  also  x«sponsji.ble  for  the  fact  that  the  total  standard  deviation 
value  immediately  below  the  decision  height  is  less  than  or  equal  to  the 
root-sum-squared  value  of  the  standard  deviation  ccmponent  values  imme- 
diately above  the  decision  height.  This  arises  because  the  missed  approach 
decision  process  is  modeled  in  the  simulation  as  the  expected  outcome  of  a 
single  discrete  Kalman  measurement  vqpdate  at  the  decision  height* 
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Figure  B-13.  Responses  of  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Covgpling  to  GOLide  Slope  Fli^t 
Inspection  Record  No.  1.  Category  II- III  Iftilization  Simulated 
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Fig>ore  B- 1 3 . ( Continued ) 
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Figure  Responees  of  the  CV-880  Aircraft  with  LSI  Autoaeatic  Laxiding 

System  and  Conventianal  Glide  Slope  Coupling  to  Glide  Sl<^e  Fli^t 
Inspection  Record  No.  3.  Category  II- III  Utilization  Simulated 
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Figure  B-l4,  (Concluded) 
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Figure  B-15.  Re«poaiM  of  the  Piper  PA-30  Aircrtft  with  Livented  Flight 
Control  Syitea  end  CoarentioBel  Glide  Slope  Coupling  to  (Hide  Slope 
Fli£^t  Inspection  Record  ilo.  3.  Category  II  M Utilization  Slaulated 
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Figure  B-l>.  (Concluded) 
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Figure  B-l6.  Responses  of  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to  Glide  Slope  Flight 
Inspection  Record  No.  4.  Category  II-III  Utilization  Simulated 
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Figure  B-l6.  (Continued) 
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Figure  B-l6.  (Concluded) 
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Figure  B-17.  Responses  of  the  CV-88O  Aircraft  with  LSI  Autcjmatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to  Glide  Slope  Fli^t 
Inspection  Record  No.  5.  Category  II- III  Utilization  Simulated 
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Figure  B-I7.  (Continued) 
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Figure  B-I7.  (Concluded) 
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Figure  B-l8.  Responses  of  the  CV-88O  Aircraft  with  LSI  Autcanatic  Landing 
System  and  Conventional  Glide  Slope  Covqpling  to  Glide  Slope  Flight 
Inspection  Record  No.  6.  Catv^gory  II-III  Utilization  Simulated 
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Figure  B-l8.  (Continued) 
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Figure  B-l8.  (Concluded) 
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Figure  B-19.  Responses  of  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System  end  Conventional  Glide  Slope  Coupling  to  Glide  Slope  Flight 
Inspe-cion  Record  No.  7.  Category  II- III  Utilization  Simulated 
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Figure  B- 1 9 . ( Continued ) 
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Figure  B-I9.  (Concluded) 
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Figure  B-20.  Resjxinses  of  the  CV-88O  Aircraft  with  LSI  AutcJiaatic  Landing 
System  and  Conventional  (Hide  Slope  Coupling  to  Glide  Slope  Flight 
Inspection  Record  No.  9,  Category  I IJtilization  Simulated 
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Figure  B-20,  (Continued) 
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Figure  B-21 . Responses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  (Hide  Slope  Coupling  to  Glide  Slope  Fli^t 
Inspection  Record  No.  11.  Category  I Utilization  Simulated 
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Figurj  B~2:\  Responses  of  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to  Glide  Slope  Flight 
Inspection  Record  No.  12.  '^ategory  I Utilisation  Simulated 
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Figure  B-2J.  Responses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to  Glide  Slope  Flight 
Inspection  Record  No.  15.  Category  I Utilization  Simulated 
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Figure  B-2U.  Responses  of  the  Piper  PA-JO  Aircraft  with  Invented  Fli^t 
Control  System  and  Conventional  Glide  Slope  Coupling  to  Glide  Slope 
Flight  Inspection  Record  No.  IJ.  Category  I Utilization  Simulated 
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Figure  B-26.  Responses  of  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System,  and  Conventional  Glide  Slope  Coupling  to  Glide  Slope  Fli^t 
Inspection  Record  No.  15.  Category  II- III  Utilization  Simulated 
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Figure  B-27.  R^^’orises  of  the  CV-88O  Aircraft  with  ISI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to 
Glide  Slope  Flight  Inspection  Record  No.  2. 

Category  II-III  Utilization  Simulated 
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Fif^e  3~cf3.  Standard  Deviation  Responses  to  VJind,  V/ind  Shear,  and 
Turbulencf  for  t>-e  CV-fiBO  ''.ircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to 
Glide  Slope  Flight  Inspection  Record  No.  2. 

Category  II-III  Utilization  Simulated 
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Figure  B-28.  (Concluded) 
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Figure  P-29.  Response,'  of  tlie  i ip 'r  t^-30  iircraft  vith.  Invented  ’Flight 
‘'’ontrol  System  and  '"’onveraional  Hide  Slope  'ouplin'-  tc  Glide  Slope 
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Figure  B-31.  Responses  of  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to  Glide  Slope  Fli^t 
Inspection  Record  No.  10.  Category  I Utilization  Simulated 
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Figure  B-32.  Standard  Deviation  Responses  to  Wind,  Wind  Shear,  and 
Turbulence  for  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to 
Glide  Slope  Flight  Inspection  Record  No.  10. 

Category  I Utilization  Simulated 
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Figure  B-55.  Responses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Inertially  Augmented  Glide  Slope  Coupling  to  Glide  Slope 
Flight  Inspection  Record  No.  10.  Category  II-III 
Utilization  Simulated 
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Figure  B-3^.  Standard  Deviation  Responses  to  Wind,  Wind  Sh^tr,  a:^ 
Turbulence  for  the  CT/-880  Aircraft  with  LSI  Automatic  Landing 
System  and  Inertially  Augmented  Glide  Slope  Coiq>ling  to 
(Hide  Slope  Fli^t  Inspection  Record  Ho.  10. 

Category  II- HI  Utilization  Simulated 
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Figure  B-36.  Standard  Deviation  Responses  to  Wind,  Wind  Shear,  and 
Turbulence  for  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coupling  to 
Glide  Slope  Flight  Inspection  Record  No.  I6. 

Category  I Utilization  Simulated 
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Figure  B-37,  Besponses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Inertially  Augnented  Glide  Slope  Coupling  to  Glide  Slope 
Flight  Inspection  Record  No.  16.  Category  11-IH 
Utilization  Simulated 
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Figure  B-57.  (Continued) 
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Figure  B-38.  Standard  Deviation  Responses  to  Wind,  Wind  aie&r,  and 
Turbulence  for  the  CV-880  Aircraft  with  LSI  Autoiiatic  Landing 
System  and  Inertially  Augmented  Glide  Slope  Coiq)ling  to 
Glide  Slope  Flight  IhspecticKi  Record  No.  I6. 

Category  II- III  UtilizaticKi  Simulated 
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Figure  B-58.  (Continued) 
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Figure  B-59-  Resiwnses  of  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Inertially  Augmented  Glide  Slope  Co\q)ling  to  GLide  Slope 
Flight  Inspection  Record  No.  24.  Category  II- III 
Utilization  Simulated 
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Figure  B-39*  (Concluded) 
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Figure  B-4o.  Steindard  Deviation  Resi>onses  to  Wind,  Wind  Shear,  and 
Turbulence  for  the  CV-880  Aircraft  with  LSI  Automatic  Landing 
System  and  Conventional  Glide  Slope  Coi5)ling  to 
Glide  Slope  Fli^t  Inspection  Record  No.  24. 

Category  II-III  Utilization  Simulated 
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Figure  B-^^2.  Standard  Deviation  Responses  to  Wind,  Wind  Shear,  and 
Turbulence  for  the  CV-88O  Aircraft  with  LSI  Automatic  Landing 
System  and  Inertially  Augmented  Glide  Slope  Coupling  to 
Glide  Slope  Fli^t  Inspection  Record  No.  2k, 

Category  II- IH  Utilization  Simulated 
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